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Testing time for telomeres
Telomere length can tell us something about disease susceptibility and ageing, but are commercial tests ready for prime time?
Howard Wolinsky a fter 30 years of research, the analysis of telomere length is emerging as a commercial biomarker for ageing and disease, as well as a tool in the search for new medications. Several companies offer tests for telomere length, and more are due to launch their products shortly. Even so, and despite the commercial enthusiasm, interpreting precisely what an individual's telomeres mean for their health and long evity remains challenging. as a result, there is some division within the research community between those who are pushing ahead with ventures to offer tests to the public, and those who feel that telomere testing is not yet ready for prime time.
peter Lansdorp, a scientist at the British columbia cancer agency and a professor at the university of British columbia (Vancouver, canada), founded his company, repeat Diagnostics, in response to the number of questions and requests he received from physicians for tests for telomere length. the company became the first to offer commercial telomere testing in 2005 and now mainly serves medical researchers, although it makes its test available to the public through their physicians for c $400. Nevertheless, Lansdorp thinks that testing is of limited use for the public. "testing […] outside the context of research studies is in my view pre mature. unfortunately i think some scientists are exploiting it," he said. "at this point, i would discourage people from getting their telo meres tested unless there are symptoms in the family that may point to a telomere problem, or a disease related to a telomere problem. i don't see why on Earth you would want to do that for normal individuals."
Others are more convinced of the general utility of telomere tests, when used in combination with other diagnostic tools. Elizabeth Blackburn, professor of Biology and physiology at the university of california (San Francisco, uSa) , was a corecipient of the Nobel prize for physiology or Medicine in 2009 for her part in the discovery of telomerase, the enzyme that replenishes telomeres (Sidebar a). She stressed that the point of telomere testing is to obtain an overall picture "using a marker that integrates many inputs, and produces a robust statistical association with […] disease risks. it is not a specific diagnostic." telome Health, inc. (Menlo park, california, uSa)-the company that Blackburn helped found and that she now advises in a scientific capacity-plans to begin selling its own uS $200 telomere test later this year. "the science has been emerging at a rapid pace recently […] for those who are familiar with the wealth of the evidence and the accumulated data, the overwhelming pattern is that there are clear associations with telomere maintenance, including longitudinal patterns, and health measures that have had well-tested clinical relevance," she explained.
María Blasco, Director of the centro Nacional de investigaciones Oncológicas (cNiO; Spanish National cancer research centre; Madrid, Spain), is similarly optimistic about the prospect of telomere testing becoming a routine health test. "as an analogy, telomere length testing could be similar to what has occurred with cholesterol tests, which went in [the] early 80s from being an expensive test for which no direct drug treatment was available to being a routine test in general health check-ups," she said.
carol greider, professor and Director of Molecular Biology and genetics at Johns Hopkins university (Baltimore, Maryland, uSa) and co-recipient of the 2009 Nobel prize with Blackburn, however, does not believe that testing is ready for widespread use, although she agreed that telomere length can reveal a lot about disease and is an important subject for research. "certainly, right now, i think it's very premature to be offering this kind of testing to the public. i don't think that the research has yet told us about the risks, what we can actually say statistically with high confidence, so it's unclear to me if there is any real value to the general public to testing telomeres," she said.
Blasco is chief Scientific advisor to Life Length, a cNiO spin-off company that launched its test last year to a storm of media attention. "For some scientists, there is always a question that needs to be solved or has not been sufficiently evaluated," she said. "We have lots of information showing that telomere length is important for understanding ageing and certain diseases […] New technologies have been developed that allow us now to measure telomere length in a large scale using a simple blood sample or a spit sample. the fact that the technology is here and the science is here makes this a good moment to market this testing." a part from discussion of the science, companies that offer telomere testing are also encountering scepticism from ethicists and other scientists about the value of telomere-length testing for normal healthy people.
Lansdorp, who is a medical doctor by training, thinks that practitioners are not yet ready to use and interpret the tests. "it's a new field and there are good clinical papers out there, but the irony is that our work [that] has highlighted the value of these tests for specific clinical conditions Jonathan Stein, Director of Science and research at Spectracell Laboratories (Houston, texas, uSa)-which offers its uS $250 telomere test as an extension of its nutritional product line that is sold to family physicians, chiropractors and naturopaths-said that there has only really been demand for the telomere test from his company among physicians and their spouses, but not for use in the clinic. "Doctors are incredibly curious about [the test] and then when we do follow-ups in general, they tell us it's interesting and they know it's valuable, but they're not entirely sure what it means to people. Where we go from the bench to bedside, there seems to be a real sticking point," he said, adding that he thinks demand will increase as the public becomes increasingly educated about telomeres and health.
arthur caplan, professor of Bioethics and Director of the center for Bioethics at the university of pennsylvania (philadelphia, uSa), is not clear that even an educated public will be interested in what the test can tell them. "We don't have any great reason to think that people will be interested in knowing facts about themselves […] if they can't do anything about it. i think most people would say 'i'm not going to spend money on this until you tell me if there's something i can do to slow this pro cess or expand my life'." as such, he thinks that companies that are getting in early to 'cash in' on the novel ty of telomere testing are unlikely to see huge success, partly because the science is not yet settled.
calvin Harley, president and chief Science Officer at telome Health, disagrees. He thinks that two things will drive demand for telomere testing: the growing number of clinical studies validating the utility of the test, and the growing interest in lifestyle changes and interventions that help to maintain telomeres.
But these are early days. Jerry Shay, professor of cell Biology and Neuroscience at the university of texas Southwestern Medical center (Dallas, uSa) and an adviser to the company Life Length, said that early adopters are likely to be the health conscious and the curious. "Some people will say, 'Well, look, i had my telomeres measured: i'm a 60 year old with 50-year-old telomeres'," he explained. "it will have 'My telomeres are longer than your telomeres' type of cocktail talk appeal. that's fine. i have no problem with that as long as we can follow this sort of population and individuals over decades." S hay's last point is the key-research and data collection. Even those commercializing telomere-length tests agree that our understanding of telomere biology, although extensive, is in complete and that we have yet to unpick fully the links between telomeres and disease. Stefan Kiechl, a telomere researcher in the Department of Neurology at innsbruck Medical university (austria), published an article last year on telomere length and cancer (Willeit et al, 2010) . "the appealing thing with telomere length measurements is that they allow the estimation of the biological-in contrast to the chronologicalage of an organism. this was previously not possible. Moreover, long telomere length has been linked with a low risk of advanced atherosclerosis, cardiovascular disease and cancer, and, vice versa, short telomere length is associated with a higher risk of these diseases."
But, he said that problems remain to be resolved, such as whether telomere length can only be measured in cells that are readily available, such as leukocytes, and whether telomere length in leukocytes varies substantially from telomere length in other tissues and cells. "Moreover, there is still insufficient knowledge on which lifestyle behaviours and other factors affect telomere length," he concluded.
this might be a bumpy road. When Life Length announced its launch in May, newspapers carried headlines such as 'the £400 test that tells you how long you'll live', reporting: "a blood test that can show how fast someone is ageing-and offers the tantalizing possibility of estimating how long they have left to live-is to go on sale to the general public in Britain later this year" (connor, 2011) . the story was catchy, but Life Length officials are determined to explain that, despite the name of the company, its tests do not predict longevity for individuals. Blasco said that the word 'life' in the name is meant as an analogy between telomeres and life. "a British newspaper chose to use this headline, but the company name has no intention to predict longevity," she said. instead, the name refers to extensive research correlating the shortened chromosome tips with the risk for certain diseases and personal habits, such as smoking, obesity, lack of exercise and stress, Blasco explained.
Life Length's test measures the abundance of short telomeres, as they claim that there is genetic evidence that short telo meres are the ones that are relevant to disease. "the preliminary results are exciting: we are observing that the percent of short telomeres with increasing age is more
Sidebar A | Telomeres and telomerase
Telomeres are regions of repetitive DNA sequence that prevent the DNA replication process or damage from degrading the ends of chromosomes, essentially acting as buffers and protecting the genes closest to the chromosome ends. Russian biologist Alexei Olovnikov first hypothesized in the early 1970s that chromosomes could not completely replicate their ends, and that such losses could ultimately lead to the end of cell division (Olovnikov, 1973) . Some years later, Elizabeth Blackburn, then a postdoctoral fellow in Joseph Gall's lab at Yale University (New Haven, Connecticut, USA), and her colleagues published work suggesting that telomere shortening was linked with ageing at the cellular level, affected lifespan and could lead to cancer (Blackburn & Gall, 1978; Szostak & Blackburn, 1982) . In 1984, Carol Greider, working as a postdoc in Blackburn's lab at the University of California (Berkeley, USA), discovered telomerase, the enzyme that replenishes telomeres. Blackburn and Greider, together with Jack Szostak, were science & society feature divergent between individuals than average telomere length for the same group of individuals," Blasco explained. "this is exactly what you would expect from a parameter [abundance of short telomeres] that reflects the effects of environmental factors and lifestyle on people's telomeres." She noted that being in a lower quartile of average telomere length and the higher quartile of abundance of short telomeres would indicate that telo meres are shorter than normal for a given age, which has been correlated with a higher risk of developing certain diseases.
S o, what can be done about an abundance of short telomeres? Lansdorp said that, as a physician, he would be hard pressed to know what to tell patients to do about it. "the best measure of someone's age and life expectancy is the date on their birth certificate. telomere length, as a biomarker, shows a clear correlation with age at the population level. For an individual the value of telomere length is very limited," he said. "i suspect there's going to be a lot of false alarms based on biological variation as well as measurement errors using these less accurate tests."
Harley, however, said that if telomere length were perfectly correlated with age, it would be a useless biomarker, except for in forensic work. "the differences in telomere length between individuals at any given age is where the utility lies […] people with shorter telomeres are at higher risk for morbidity and mortality. in addition, there is emerging data suggesting that people with shorter telomeres respond differently to certain drugs than people with longer telomeres. this fits into the paradigm of personalized medicine," he said.
While he was at geron corporation, Harley was the lead discoverer of telomerase activators purified from the root of Astragalus membranaceus. Harley, Blasco and colleagues have published two peer-reviewed papers on one of those molecules, ta-65-one in humans and the other in mice (de Jesus et al, 2011; Harley et al, 2011) . Both showed positive effects on certain health measures, and Blasco's lab found that mice treated with ta-65 had improved health status compared with those given a placebo. "However, we did not see significant effects on longevity," Blasco said. i n the meantime, researchers are squabbling about the techniques used by the testing companies. greider maintains that Flow-FiSH (fluorescence in situ hybridization), which was developed by Lansdorp, is the gold standard used by clinical researchers and that it is the most reliable technique. Harley argues that the quantitative real-time (qrt)-pcr assay developed by the Blackburn lab is just as reliable, and easier to scale-up for commercial use. Blasco pointed out that, similarly to its rivals, the qFiSH used by Life Length offers measurements of average telomere length, but that it is the only company to report the percentage of short telomeres in individual cells. in the end, Lansdorp suggested that the errors inherent in the tests, along with biological variations and cost, should give healthy people pause for thought about being tested.
ultimately, whichever test for telomere length is used and whatever the results …if telomere length were perfectly correlated with age, it would be a useless biomarker, except for in forensic work science & society feature can tell us about longevity and health, it is unlikely that manipulating telomere length will unlock the fountain of youth, à la Spanish explorer Juan ponce de León y Figueroa (1474-1521) . Nevertheless, telo mere testing could become a key diagnostic tool for getting a few more years out of life, and it could motivate people to follow healthier lifestyles. as Kiechl pointed out, " [t] here is convincing evidence that calculation of an individual's risk of cardiovascular disease […] substantially enhances compliance for taking medicines and the willingness to change lifestyle. Knowing one's biological age may well have similar favourable effects."
